\ 

1. An euongated device for treatment of thrombus or other 
unwanted material in a vessel or cavity of a living body comprising: 

a. a proximal end and a distal end; 

b. high pressure tubular means for conveying pressurized 
5 fluid from said proximal end to said distal end; 

c. pressurized fluid connection means for connecting the 
proximal e **^ °^ sa id high pressure tubular means to a 
source of pressurized fluid; 

d. jet emanatror means with at least one jet orifice for 

\ \\ 

10 directing at le^|t one high velocity fluid jet in the 

vicinity of ^said \clastal end, said jet emanator means 
being attached^ to^and in fluid communication with said 
high pressure tkibuVaX means ; 

e. second tubular me v ans f'or conveying fluid, at least one 
of said jet orifices ' directing at least one high 
velocity fluid jet into said second tubular means; 

f. inflow means in said second tubular means, oriented so 
that at least one high velocity fluid jet entrains and 
draws surrounding blood\ or other fluid from a body 

20 vessel or cavity through s*aid inflow means and into said 

second tubular means, and creating a region of elevated 

\ 

pressure in said second tubular means; 

g. outflow means in said second^tubular means, located at 
said region of elevated pressure, said outflow means 

25 thereby providing for passage, of fluid out from said 

second tubular means into a toody vessel or cavity, 
creating one or more crossflow jtets which provide force 
(normal and /or drag forces) whiclflhelp to break thrombus 
or other unwanted material off the surface of a body 

30 vessel or cavity; \ 



15 
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h. one or more i^f^said high velocity jet(s) act to break 

apart thrombusv or other unwanted material which has been 
\\ \ 

entrained by s'a^d^iigh velocity jet(s); and, 

i. said high velocityVjtet ( s ) , said inflow means, and said 

\\ i\ 

5 outflow means create \a recirculation pattern so that 

\V V 

fluid flows f rom \^aid Voutf low means with radial flow 
vectors and circumferential and /or axial flow vectors 
to said inflow means a^id^back into said second tubular 
means, thereby providing enhanced removal of thrombus 
10 or other unwanted material off the surface of a body 

vessel or cavity, and macerating the thrombus or other 
unwanted material by action of said high velocity 
jet(s) . 
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2. An elongated device for treatment of thrombus or other 
unwanted material in a vessel or cavity of a living body comprising: 

a. a proximal end and a distal end; 

b. high pressure tubular means for conveying pressurized 
5 fluid from^said proximal end to said distal end; 

c. pressurized^ fluid connection means for connecting the 
proximal end^of said high pressure tubular means to a 
source of pressurized fluid; 

d* jet emanaror means with at least one jet orifice for 

\ \ X 

10 directing at least \one high velocity fluid jet in the 



vicinity of \said\ distal end, said jet emanator means 
being attached to\and A in fluid communication with said 
f~; high pressure tubular means; 

! * w e. exhaust tubular* meins \: or conveying fluid from said 

<0 \ \ \ ' 

\A 15 distal end to said proximal end, at least one of said 

|=j jet orifices directing^at least one high velocity fluid 

,ii jet into said exhausts tubular means, said exhaust 

W- tubular means providing for removal of fluid and 

]^ thrombus or other unwanted material debris from the body 

IS 20 vessel or cavity; ; 

;« f • inflow means in said exhaust tubular means, oriented so 

Q that at least one high velocity fluid jet entrains and 

"~ draws surrounding blood or -other fluid from a body 

vessel or cavity through said inflow means and into said 
25 exhaust tubular means, and creating a region of elevated 

pressure in said exhaust tubular means; 
g. outflow means in said exhaust tubular means, located at 
said region of elevated pressure, said outflow means 
thereby providing for passage of : fluid out from said 
30 exhaust tubular means into a body vessel or cavity, 

creating one or more crossflow jets. which provide force 
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(normal aaad/or drag forces) which help to break thrombus 
or other ^u$wanted material off the surface of a body 
vessel on cavity; 

\ \\ 

one or mor^e oF^Vaid high velocity jet(s) act to break 
apart thrombus q^\>ther unwanted material which has been 
entrained by\said high velocity jet(s); and, 
said high velaoifcyi jetr(s) , said inflow means, and said 
outflow means create *a recirculation pattern so that 

\ 



fluid flows from said ^outf low means with radial flow 
vectors and circumferential and /or axial flow vectors 



to said inflow means an^back into said exhaust tubular 

means, thereby providing^enhanced removal of thrombus 

or other unwanted material off the surface of a body 

\ 

vessel or cavity, and macerating the thrombus or other 
unwanted material by action of said high velocity 
jet(s) . 
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3. The^device of claim 2, wherein said elevated pressure 
in said exhaust tubular means aids in driving fluid and thrombus or 
unwanted material debris^frora said distal end to said proximal end through 
said exhaust tubular means, 

4. The device of claim 1, further comprising isolation 

means for isolating the poTtion of the body vessel or cavity near said 

distal end of said elongated Mevice. 

\ \\ 

5. The device of \claim 2, further comprising isolation 
means for isolating the portioA qt\ the body vessel or cavity near said 



A \ Y 

portion\ ot\ th 

10 distal end of said elongated devifee*Y\ 

\ . Al\\ 



6. The device\of claimVl or 2, wherein high pressure fluid 
is provided in the range of approximately 150 to 500 psi. 
§3 7. The device of\^laimU. g^* 2, wherein high pressure fluid 

^ is provided in the range of approximatelyVsOO to 2500 psi. 

\ z \ 15 8. The device of claUra l\or 2, wherein high pressure fluid 

;S " \ 

0 is provided in the range of approximately 2500 to 50000 psi. 

f=. 9. The device of claim 1 or* 2, wherein high pressure fluid 

01 in said jet emanator means is in the range\of 50 to 350 psi. 

L 10. The device of claim 1 or 2, wherein high pressure fluid 

U \ 

IB 20 in said jet emanator means is in the range of 350 to 850 psi. 

!Z 11. The device of claim 1 or 2, wherein high pressure fluid 

III \ 

O in said jet emanator means is in the range of 850 to 35000 psi. 

n ^ 

^~ 12. The device of claim 1 or 2 , wherein said high velocity 

\ 

jet(s) have maximum instantaneous centerline velocity of approximately 
25 2,000 to 30,000 cm/s. ^ 

13. The device of claim 1 or 2, wherein said high velocity 

jet(s) have maximum instantaneous centerline velocity of approximately 

i 

7,000 to 20,000 cm/s. \ 
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14. The dWice of claim 1 or 2, further comprising another 
tubular means for passage\pf fluid or other material or for passage of 
devices such as guidew^ire^ , ^catheters , or imaging tools between said 
proximal end and said distal end. 

15. The device^ o& claim 1 or 2, further comprising 
pressurized fluid source means cbnnectible to said pressurized fluid 
connection means, for provid^iifg ^pressurized fluid to said high pressure 
tubular means . \^ ^ 

16. The device of ^laim 2, further comprising exhaust 
regulation means connected to said exhaust tubular means for regulation 
of the rate of removal of fluid and t»hrombus or other unwanted material 
debris from the body vessel or cavity. 
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17. A \nethod of macerating thrombus or other unwanted 

material in a body vessel or cavity, comprising the steps of: 

a. inserting an elongated device having jet emanator means, 
\ 

inflow means, and outflow means into a body vessel or 

\ 

cavity, and advancing said elongated device to a site 

\ 

of thrombus or other unwanted material in the body 

/ . 

vesselV,or cavity; 



b. connecting said elongated device to a source of 

\ w 

pressurized fluid, so that fluid iet(s) emanate from said 



■jet emanaSor means, 1 , entrains blood or other fluid which 
may contains thrombus or other unwanted material and 
draws the blood or^plcher fluid into the elongated device 

through said inflow; means, and creates a pressurized 

\J \ V 

region in the elongated device which drives fluid and 
entrained blood or thrombus debris out of the elongated 



device through said ou\tflow means creating crossflow 
jec(s); and, \ 

using said elongated device to break apart thrombus or 

\ 

other unwanted material in the body vessel or cavity, 

where fluid forces from t%e crossflow jet(s) and a 

recirculation of fluid from\aid outflow means and back 

\ 

in through said inflow means and past said high velocity 

% 

jet(s) macerates said thrombus or other unwanted 
material. 
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18. A method of removing thrombus or other unwanted material 
from a body vessel or canity, comprising the steps of: 

a. inserting an elongated device having jet emanator means, 

\ 

inflow means, and outflow means into a body vessel or 
\ 

cavity, and advancing said elongated device to the site 
of the thrombus or other unwanted material in the body 
vessel or cavitv; 

\ \ \ 

b. connecting said \elongated device to a source of 

\ \ \ 

pressurized f lurd^soythat fluid jet(s) emanate from said 



10 jet emanaton means\\ehtrains blood or other fluid which 



may contain *thromb l us& or other unwanted material and 

\ \ \ \ 

draws the bloodvor other fluid into the elongated device 

.V \ % 



through said infOLow '\mearis ; , and creates a pressurized 

region in the elongated device which drives fluid and 

IS entrained blood or thrombus, debris out of the elongated 

device through said outflow means creating crossflow 

jet(s); \ 

c. using said elongated device to break apart thrombus or 

other unwanted material in\the body vessel or cavity, 

20 where fluid forces from the crossflow jet(s) and a 

\ 

recirculation of fluid from said outflow means and back 

\ 

in through said inflow means and past said high velocity 

\ 

jet(s) macerates said thrombus or other unwanted 

material; and, \ 

\ 

25 d, using said elongated device to remove thrombus or other 

unwanted material from the body, \; 
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19. A system for treatment of thrombus or other unwanted 
material in a vessel or canity of a living body comprising: 

a. an elongated device having a proximal end and a distal 
end; 

b. high pressure tubular means forming part of said 
elongated devd.ce for conveying pressurized fluid from 



said proximalend to said distal end; 
c. pressurized I flu^d^ connection means located at said 
proximal enci| of sai*d high pressure tubular means; 

10 d. pressurized\ f lu\i \ource means connected to said 

\ \ \ 
pressurized fluid connection means; 

\ \ \\\ 

e. jet emanator means W3}ph\at least one jet orifice for 
directing at least one high velocity fluid jet in the 

\ 1 \\ 

vicinity of said\distal end, said jet emanator means 

\ \ \\ 

15 being attached to and in ftuid communication with said 

high pressure tubular v me v ans r 

f. second tubular means forming\part of said elongated 
device for conveying fluid, at\ least one of said jet 



orifices directing at leastione high velocity fluid jet 
20 into said second tubular tneaJns ; 

ft. 

g. inflow means in said second tabular means, oriented so 

^\ 

that at least one high velocity fluid jet entrains and 

\ 

draws surrounding blood or other fluid from a body 

\ 

vessel or cavity through said inSlow means and into said 

\ 

25 second tubular means, and creating a region of elevated 

I 

pressure in said second tubular means; 

h. outflow means in said second tubular means, located at 



said region of elevated pressure , ^said outflow means 

thereby providing for passage of fluid out from said 

\ 

30 second tubular means into a body vessel or cavity, 

I 

creating one or more crossflow jets which provide force 
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(normal and;A?r drag forces) which help to break thrombus 
or other \unwanted material off the surface of a body 



vessel or VaviLw 
i. one or more\of sjaid high velocity jet(s) act to break 
apart thrombus^or'o^^er unwanted material which has been 
entrained by sa^d l^^l^^elocity jet(s) ; and, 
j. said high velocity said inflow means, and said 

outflow means create V\recirculation pattern so that 



fluid flows from said Vutf low means with radial flow 
vectors and circumferential and /or axial flow vectors 
to said inflow means and back into said second tubular 
means , thereby providing enhanced removal of thrombus 
or other unwanted material \pff the surface of a body 
vessel or cavity, and macerating the thrombus or other 
unwanted material by action\ of said high velocity 
jet(s) . 
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20. A system for treatment of thrombus or other unwanted 
material in a vessel or cavity of a living body comprising: 

a. an elongated device having a proximal end and a distal 
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end; 



\ 



b. high pressuM tubular means forming part of said 

\ 

elongated device for conveying pressurized fluid from 
\ 

said proximai^end to said distal end; 

c. pressurized! flu&dv connection means located at said 

I \ \ 

proximal enci^ of said^igh pressure tubular means; 

d. pressurized \fluid\ source means connected to said 

\ \ \ 

pressurized fluid conifexrtion means; 
\ \l \\ 

e. jet emanator means wi*th\at least one jet orifice for 

\ \ V 

directing at least one high velocity fluid jet in the 
vicinity of said\ distal end\ said jet emanator means 

\ '\ \\ 

being attached to ^nd ?ih fluids communication with said 

\ " \ 

high pressure tubular .means ; 

V; \ 

f . exhaust tubular means forming ^part of said elongated 
device for conveying fluid Vfrom said distal end to said 
proximal end, at least qne of said jet orifices 

directing at least one high velocity fluid jet into said 

i 

exhaust tubular means, said exhaust tubular means 

providing for removal of fluid and thrombus or other 

ft 

unwanted material debris from the body vessel or cavity; 

\ 

e. exhaust regulation means conrfected to said exhaust 
tubular means for regulation of \|:he rate of removal of 
fluid and thrombus or other unwanted material debris 
from the body vessel or cavity; 

h. inflow means in said exhaust tubular means, oriented so 
that at least one high velocity fluid jet entrains and 
draws surrounding blood or other ^fluid from a body 
vessel or cavity through said inflow means and into said 
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tubals 



exhaust tubular means, and creating a region of elevated 
pressure in ^aid 1 exhaust tubular means; 
i. outflow means in said exhaust tubular means, located at 
said region /of ^elevated pressure, said outflow means 



thereby providing^ ftor passage of fluid out from said 
exhaust tubular meansV into a body vessel or cavity, 
creating one oAmorevcrossf low jets which provide force 
(normal and /or drag forces^) which help to break thrombus 
or other unwanted\matefxa*l^ off the surface of a body 
vessel or cavity; ^ ^ \\^ 

one or more of said &igh\ velocity jet(s) act to break 



apart thrombus or other ^unwjanted material which has been 
entrained by said high velocity jet(s); and, 
said high velocity jet(s), s ^ ic * inflow means, and said 
outflow means create a recirculation pattern so that 
fluid flows from said outflow^ means with radial flow 
vectors and circumferential and/ or axial flow vectors 

to said inflow means and back in|o said exhaust tubular 

v\ 

means, thereby providing enhanced removal of thrombus 

\ 

or other unwanted material off the surface of a body 

I 

vessel or cavity, and macerating the thrombus or other 

t. 

unwanted material by action of s.aid high velocity 
jet(s). \ 
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21. A catheter comprising: 

a. a first tu^e having a proximal end and a distal end; 

b. a second tuote having a proximal end and a distal end, 
said first tube^ residing within and extending along the 
length of said second tube; 

c. a jet body at said ^distal end of said first tube, said 
jet body including a j*et emanator; 

d. at least one outflow orifice and at least one inflow 
orifice formed in said second tube adjacent to said 
distal end thereof; and, 

e. said jet emanator having at \east one jet orifice 
directed toward said outflow and rnflow orifices, 



2 ; 



J 
71 
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\ 

22. The catheter as defined in claim 21, wherein said at 
least one outflow orifice is located proximally of said at least one 



\ 



inflow orifice. 

23. The catheter as defined in claim 21, wherein said at 
5 least one outflow orif ice^cotnprises a plurality of orifices and said at 

least one inflow orifice comprises a plurality of orifices. 

24. The catheter as^defined in claim 23, wherein all of said 

\ .v- 

outflow orifices and all of said infiow orifices are positioned proximally 

\ \\ 

of said at least one jet orifice. ^\ 
10 25. The catheter as defWied in claim 23, wherein all of said 

outflow orifices are located xJroximal&y^vof all of said inflow orifices. 

26. The catheter as defimedXin claim 21, wherein said at 

\ \\\ 

least one jet orifice is located! distauuy^of said outflow and inflow 
orifices . 

s7; IS 27. The catheter as defeiried Xpn claim 21, wherein said at 



J least one jet orifice is located proximally, \pf said outflow and inflow 



28. The catheter as defined in \claim 21, wherein said at 
least one jet orifice comprises, a plurality of\jet orifices. 
20 29. The catheter as defined in cl\im 21, wherein said jet 

emanator is in the form of a toroidal loop . \ 

30. The catheter as defined in claim 21, wherein said jet 
emanator is in the form of a semi-toroidal loop. ^ 

31. The catheter as defined in claim 21, wherein said jet 
25 emanator is L- shaped. 

32. The catheter as defined in claim 2l\ wherein said jet 
emanator is J- shaped. 

33. The catheter as defined in claim 32,\wherein said at 
least one jet orifice is located in the curved portion of said J-shaped 

30 jet emanator. 
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34. The^^atheter as defined in claim 32, wherein said at 
least one jet orifice is\located at the extreme end of said J-shaped jet 
emanator. \ 

35. The catheter as defined in claim 32, wherein the extreme 

Y 



end of said J-shaped jet emanafor includes a necked-down portion and said 
at leas 
portion 



emanator 

( ~\ 

at least one jet orifice is ^located at the tip of said necked-down 



itheter as\d^f 

Y. , \ 1 



36. The catheter as\d^fined in claim 32, wherein said at 

\ \ \ 

least one jet orifice is defined by* a tubular orifice member located at 

\ \ \ 

10 the extreme end of said J-sha^ed jet^manator. 

37. The catheter* as defined \n claim 21, wherein said at 
least one outflow orifice and said at least one inflow orifice are defined 

l=s by separate regions of a single "c^rif ice^ 

'*-Q 38. The catheter as ^efined^n claim 21, further comprising 

^ 15 a flexible tip assembly attached to said" distal V^d of said second tube. 

Q 39. The catheter as definedlin claim 38, wherein said 

2 flexible tip assembly comprises a tapered tube housing a radio-opaque 

{ft marker. 

AO. The catheter as defined ±\ claim 39, wherein said 
20 radio-opaque marker is a metal wire coil. \ 

41. The catheter as defined in claim 40, wherein said metal 

wire coil has a closely wound portion and a loosely wound portion. 

\ 

42. The catheter as defined in claim 21, wherein said jet 

\ 

emanator is located within said second tube at said distal end of said 
25 second tube. 



43. The catheter as defined in claim 21, wherein said jet 

emanator is located outside of said second tube beyond said distal end of 

I 

said second tube. A 

44. The catheter as defined in claim 21, wherein said second 

\ 

30 tube includes an exhaust lumen. 
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45 . The cat! 
proximal ends of said firs 




as defined in claim 21, wherein said 
second tubes are connected to a manifold. 
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